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avian cholera, has been responsible for causing disease in a variety of wild and domesticated birds (31) . Although avian cholera has been well documented in both domestic poultry and wild waterfowl, there has been little information concerning this disease in raptors.
Raptors However, the pathologic syndromes of this disease in raptors have remained undocumented.
The type of lesions associated with avian cholera depends on the duration of the disease (31) . The development of acute or chronic lesions has often depended on factors such as the strain of P. multocida and the infecting dose (3, 16) . In the acute form of avian cholera, lesions have been associated with vascular disturbances resulting from septicemia (10), i.e., dis-seminated intravascular coagulation (29). Often, there was hyperemia of the vessels, and bacteria could be seen within blood vessels (12,23,29). The chronic form of avian cholera has been characterized by localized lesions (11,38). These lesions may become suppurative and may involve the respiratory tract or any other part of the body (29). The lungs of turkeys were often affected more severely than those of chickens, and pneumonia was a common sequela following infection in these species (2, 30) . This form of the disease has often been called "hard-lung disease" in the field (Morishita, pers. obs.). In psittacines, pasteurellosis has often been associated with diarrhea (6), dermatitis (24), and septicemia (24). Waterfowl often succumbed to the septicemic forms in which the most prominent lesions were petechial hemorrhages on the epicardium, myocardium, and, occasionally, the gizzard (1,35). The lesions associated with P. multocida in raptors have not been well described. Thus, the purpose of our study was to describe the lesions associated with avian cholera in raptors.
MATERIALS AND METHODS
Necropsy data. Cases included in this study involved raptors that had died or were euthanatized and were submitted for necropsy to the Pathology Service, Veterinary Medical Teaching Hospital, University of California, Davis, from January 1980 to June 1994. Swabs for microbiologic isolation were collected during necropsy from selected tissues, and microbiologic identifications were performed by the Microbiology Service at the VMTH. A diagnosis of avian cholera was made based on the gross and histopathologic lesions as well as the isolation of P. multocida from selected tissues. Tissue samples were placed in 10% buffered formalin and then embedded in paraffin, sectioned, and examined histologically by light microscopy. Sections were stained with hematoxylin and eosin and with a Brown and Brenn stain.
Clinical data. The medical history of each bird was obtained from the individual patient records stored at the VMTH and/or at the California Raptor Center, University of California, Davis. In those cases which involved cat bites and/or harassment, cats were observed to be biting or harassing the raptors involved. These occurrences were documented in the patient's record.
RESULTS
Necropsy results. Twenty-two raptors presented for necropsy were diagnosed as having avian cholera. All birds had died during the course of their illness except RTHA-6, which was euthanatized because of poor prognosis. Key gross and histopathologic lesions observed during necropsy are described in Tables 1, 2 . Esophageal abscesses were found in 73% (8/11) of the Buteo hawk cases. Pasteurella multocida isolates were obtained from selected tissues sampled during necropsy (Table 3) .
Lesions were observed in the following organ systems.
Integumentary system. Lesions in the integument were associated with cat bites and/or harassment and consisted of lacerations and absent tail feathers.
Coelomic cavity. Polyserositis was observed in some raptors. The serosal surface of all coelomic organs and the air sacs were hypercellular and were covered with fibrin and inflammatory cells. These inflammatory cells, consisting mainly of heterophils, also extended into the abdominal fat and surrounded the blood vessels within the intestinal muscularis and submucosa layer.
Musculoskeletal system. Lesions in the musculoskeletal system were associated with cat bites and/or harassment. Sites involved included the neck, shoulder, wing, breast, and leg musculature. These areas were often marked by hemorrhages, myofibrial degeneration, and necrosis with mineralization. Focal aggregates of gram-negative rod-shaped bacteria, heterophils, and macrophages were also noted scattered throughout the musculature. This lesion was commonly found in cat-harassed birds. Occasionally, feathers were embedded in the musculature as a result of these cat bites. Veins with thrombi were noted adjacent to these areas of muscle necrosis.
Digestive system. Lesions were found in the oral cavity in emaciated hawks belonging to the Buteo genus. These lesions ranged in color from white to cream and measured up to 1 mm in diameter. These lesions were noted on the roof of the mouth caudal to the choana and extended the entire length of the esophagus. However, the most common location of these plaques was the cranial two-thirds of the esophagus, where up to 200 foci were noted (Fig. 1) . Histologically, in the esophagus, there were multiple areas of necrosis that were associated with the submucosal glands (Fig. 2) . These abscesses were distended with degenerated inflammatory cells (mononuclear and heterophilic), necrotic debris, fibrin, and bacterial colonies (Fig. 3) . In severe cases, up to 50% of these glands had necrosis of the cells lining the glands. In addition, there were inflammatory cells in the adjacent submucosa. Esophageal glands that were less affected were also dilated and contained sloughed epithelial cells. These glands were lined by attenuated and often squamous epithelium. Focal areas of squamous metaplasia were also noted in glands that had a more normal appearance. The surface epithelium lining the esophageal lumen and located between the abscesses was not affected and appeared intact. In the proventriculus, lymphatic dilatation was noted. In the ventriculus (gizzard), a heterophilic infiltrate was found between the koilin layer and underlying mucosa. Bacterial (gram-negative rod) invasion of the koilin barrier was also noted.
Mild enteritis with an increased number of heterophils in the lamina propria was seen. In more severe cases, hemorrhagic enteritis was also observed. Intestinal villi were often congested, and the intestinal lumen contained sloughed cells, fibrin, debris, and gram-negative bacteria. Gram-negative rod-shaped bacteria were also noted in the lamina propria and within the blood vessels. In a western screech-owl (Otus kennicottit), the mucosal surface of the small intestine was ulcerated and was covered by a fibrinonecrotic membrane composed of heterophils, fibrin, and necrotic epithelial cells.
In a red-tailed hawk (Buteo jamaicensis) with esophageal abscesses, periglandular heterophilic inflammation was noted in the cloacal submucosal glands.
The liver was often affected. Grossly, the liver was dark reddish-brown. There was often fi- brinous capsulitis. Mild-to-moderate periportal hepatitis was also observed, along with random, small discrete foci of coagulation necrosis. These foci of necrosis contained accumulations of lymphocytes, plasma cells, heterophils, and bacterial colonies. Hemosiderosis and plasmacytosis were also common findings. Hemosiderin-laden macrophages were prominent in the portal triads and were scattered randomly throughout the liver parenchyma. Fibrin thrombi were noted in the small vessels. Bacteremia was often present. The bile ducts were surrounded by edematous connective tissues. Cholangitis, characterized by intraluminal heterophils, was also noted.
Respiratory system. Airsacculitis was noted in affected raptors. There were accumulations of small-to-moderate numbers of lymphocytes and plasma cells along with macrophages, heterophils, fibrin, and bacteria.
The lungs were often affected. Edema or acute hemorrhage was noted in some cases. There was often necrosis along the periphery of the lungs that was associated with fibrin, macrophages, and a dense colonization of bacteria. Degenerating heterophils and lymphocytes were also noted on the coelomic surface of the lungs. Within the lung parenchyma, congestion and multiple areas of atelectasis were seen. In lungs with severe atelectasis, numerous colonies of bacteria were noted around the vessels. Other areas of the lungs had focal perivascular accumulation of macrophages containing intracellular bacteria. Many of the pulmonary vessels were packed with inflammatory cells, and there were also granulocytes in the pulmonary parenchyma. Fibrin-plugged vessels were also noted in areas of acute necrosis. Other areas of the pulmonary parenchyma had focal areas of hemorrhage with the interstitial infiltration of mixed inflammatory cells. Capillaries were often filled with gram-negative rod-shaped bacteria.
Lesions were also associated with the airways. A peribronchus inflammation with associated edema in the surrounding stroma was observed. In addition, bacterial colonies were noted in the parabronchi. The inflammation in the parabronchi was characterized by degenerating heterophils, lymphocytes, and bacterial colonies. Foci of pneumonia were associated with these parabronchial lesions.
Some raptors had concurrent aspergillosis with either unilateral or bilateral necrotizing pneumonia.
Cardiovascular system. In some raptors, fibrinonecrotic pericarditis was noted, and there were accumulations of bacteria, lymphocytes, plasma cells, and macrophages in the pericardium. The epicardial surface was often similarly involved. Lesions in the myocardium were characterized by infiltration of heterophils, macrophages, and bacterial colonies. Valvular endocarditis was also noted.
Lymphoid system. The spleens were congested. Fibrin thrombi and plugs of bacteria were noted in the sheathed arteries. There were also multiple, randomly distributed foci of acute necrosis associated with degenerated heterophils and clusters of bacteria surrounded by multinuceated giant cells. There was also a pronounced reticuloendothelial hyperplasia, hemosiderosis, and plasmacytosis.
The bone marrow was hypocellular with few hematopoetic precursors, and there was an abundance of the mucinous, lightly basophilic ground substance suggestive of serous atrophy.
Urinary system. The kidneys were congested, and multiple foci of tubular necrosis and a mild infiltrate of plasma cells were observed. Heterophils were noted in the intralobular vessels. In one red-tailled hawk with esophageal abscesses, the collecting ducts in the medullary cones were dilated and contained sloughed epithelial cells and eosinophilic material. Nephrosis was also noted, primarily in the proximal convoluted tubules.
Endocrine system. There was a multifocal, perivascular accumulation of lymphocytes, plasma cells, macrophages, and bacterial colonies in the thyroid capsule of one raptor with P. multocida septicemia.
Organs of special senses. The eyes were frequently affected in those raptors that were bitten and/or harrassed by cats. Retrobulbar and peribulbar hemorrhages and necrosis were ob- served in the western screech-owls. In one owl, there was a severe heterophilic infiltration and necrosis of the extrinsic occular muscles, conjunctivitis characterized by edema and a macrophage and heterophil infiltrate, and corneal edema.
Other lesions found in the screech-owls involved the iris and ciliary body, which were infiltrated by heterophils and macrophages, and the anterior chamber, which contained mononuclear inflammatory cells.
Clinical data. There was no sex or age predisposition associated with the lesions (Table  4) . Our study demonstrated that raptors can succumb to the septicemic form of avian cholera. The nature of the lesions suggested that, regardless of the portal of entry, P. multocida invaded the circulation and was carried throughout the body (33,39). We noted that fibrinous pneumonia was a lesion that can be observed in raptors with avian cholera.
The livers were also reported to be swollen and contained multiple small foci of coagulation necrosis with heterophil involvement (32). In our study, in only one case was liver necrosis grossly apparent.
We did not find the cranial form of P. multocida as has been reported in turkeys (14,27,28). In addition, caseous fibrinous plugs in the infraorbital sinus, as reported in psittacines, were not noted in the raptors in our study (6) .
Esophageal abscesses were observed grossly and found in 8 of the 11 (73%) Buteo hawks in our study. These lesions have not been previously reported in other avian species and may indicate a chronic form of avian cholera that may result in subsequent septicemia. It is not known why the esophageal glands were colonized by P. multocida, but further studies are needed to determine whether there are receptors or attachment factors for P. multocida in this location. Whether this site allows for the persistent shedding by carrier animals has yet to be documented. However, all Buteo hawks that had the oropharyngeal and esophageal abscesses were in poor nutritional condition, suggestive of chronic infections.
In one red-tailed hawk with esophageal abscesses, some of the unaffected submucosal glands were lined by focal areas of squamous epithelium. In this case, it would be difficult to determine whether the P. multocida-associated inflammation incited the squamous metaplasia or a vitamin A deficiency caused the squamous metaplasia that subsequently altered the submucosal glands and made them prone to infection with P. multocida.
Avian cholera should be included in the differential diagnosis along with trichomoniasis, hypovitaminosis A, candidiasis, aspergillosis, capillariasis, and pox for Buteo hawks with white plaques in the oral cavity and esophagus. 
